Vanadium-induced STAT-1 activation in lung myofibroblasts requires H2O2 and P38 MAP kinase.
Vanadium compounds present in air pollution particulate matter activate signal transduction pathways in pulmonary cell types leading to pathological outcomes including aberrant cell proliferation, apoptosis, and cytokine expression. Vanadium has been proposed to activate transcription factors via the generation of hydrogen peroxide (H2O2). We investigated the mechanisms through which vanadium pentoxide (V2O5), the major form of vanadium released from the industrial burning of fuel oil, activated the signal transducer and activator of transcription (STAT)-1. V2O5-induced STAT-1 activation was blocked by catalase and N-acetyl-L-cysteine (NAC), suggesting vanadium-induced generation of H2O2. Surprisingly, however, V2O5 did not increase H2O2 levels released by rat lung myofibroblasts into cell culture supernatants. Instead, these quiescent myofibroblasts spontaneously released micromolar concentrations of H2O2, and the addition of V2O5 reduced H2O2 levels in cell culture supernatants within minutes. V2O5 suppressed H2O2 for as long as 24 h. Differences in the temporal activation of STAT-1 and p38 MAPK were observed following V2O5 or H2O2 treatment, and STAT-1 activation by V2O5 or H2O2 was attenuated by an inhibitor of the EGF receptor tyrosine kinase (AG1478) or p38 MAPK (SB203580). The phosphorylation of p38 MAPK by V2O5 was inhibited by NAC and catalase, yet the EGF receptor inhibitor AG1478 had no effect on V2O5-induced p38 MAPK activation. Collectively, our findings support the novel hypothesis that H2O2 spontaneously generated by myofibroblasts fuels vanadium-induced activation of STAT-1. Moreover, p38 MAPK and EGF receptor activation are required for V2O5-induced STAT-1 activation.